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BULLETIN T3 
STUDIES CONCERNING EFFECTS OF CHLORIDE AND 
POTASSIUM ON THE NUTRITION OF POTATO PLANTS, 
SOLANUM TUBEROSUM 
Harold XV. Gausman 
Professor of Agronomy 
Introduction 
Levels of chloride ( C I - ) have been reported to influence the 
quantity of fructose-l-6-diphosphate in potato tubers (23).° Addi-
tional results at the Maine Agricultural Experiment Station have also 
indicated that levels of other sugar phosphates are affected. These 
findings suggest, therefore, that C l ~ and other anions might in-
fluence tuber quality bv affecting the esterification of inorganic 
phosphorus and subsequent energy transformations involving meta-
bolic processes of carbohydrate s\-nthesis or degradation. To evaluate 
this premise and ensuing prolegomena, investigations have been con-
ducted relative to the following objective: 
To study the effects of C l ~ in relation to cations and anions on 
nutrient uptake and inorganic phosphorus transformations. 
Justification and Motivation 
In 1956 it was noted at the Maine Agricultural Experiment 
Station that C I - concentrations from CaCT. differentially affected 
the uptake of P3 2 (radioactive phosphorus) in potato plants grown 
in soil. The P32 uptake increased as increments of C l ~ were increas-
ed to 400 ppm., after which there was a progressive decrease in P3= 
untake (22) . It was later shown using soil culture techniques that 
C I - and S 0 4 = (sulfate) differentially affected the uptake of P32 by 
potatoes. C l ~ had a positive effect and S 0 4 = a negative effect (25). 
A negative correlation, r = -0.79, was found between C l ~ in the 
nutrient solution and the content of S 0 4 = in potato tops (13). It was 
postulated that a certain amount of C l ~ is essential for P31 (in-
organic phosphorus) nutrition; thus, phosphorvlation processes could 
be altered to affect the quality of potato tubers. C l _ deficiency 
svmptoms were also characterized and reported to occur on potato 
plants containing 0.0143 to 0.0381 me. (milliequivalents) of C I - per 
gram of plant material on a dry weight basis (24). High C I - treat-
ments were also found to reduce the concentration of fructose-1-6-
diphosphate in potato tubers (23). Results suggested that C l ~ 
0
 Numbers in parentheses refer to literature citations, page 37. 
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might shunt carbohydrate metabolism into the triose phosphate to 
pyruvate pattern by interacting with P:il in the plant, since the high 
CI treatment had less energy-rich sugar compound (fructose-1-6-
diphosphate). It has been reported that foliar applied anions of C I " 
and S04-" at equivalent rates have a differential effect on the 
quality (specific gravity) of potato tubers. By analogy, this reflects 
the possible importance of concentrations of S 0 4 " and C l ~ in the 
atmsosphere (26). 
At a given concentration of C I - and correspondingly constant 
Na + (sodium) content, increasing K+ (potassium) in the nutrient 
solution decreased the uptake of C l ~ by relatively physiologically 
mature potato plants (20) . This relationship was noticeable within 
24 hours after applying C l ~ to chloride deficient plants at the ap-
proximate time of anthesis. 
Increasing K ' within levels of C I " increased the summation 
values of cations and anions, especially for 9 millimoles of K + with 
400 and 600 ppm. C I " These combinations of K + and C I " resulted 
in a ratio of cations to anions of approximately 0.7 (a cation-anion 
ratio of 1.426 was obtained when 3 millimoles of K + was used with 
600 ppm. C l _ ) . This appeared to be primarily a result of reduced 
N'OM - and C I - uptake and a corresponding increase in K> uptake: 
regression of N O r on K+. Y = 130.106 me. per 100 gm. + -.1749 
I \) and regression of C l ~ on K+. Y = 43.771 me. per 100 gm. + 
-.2695 (x)^(21). 
Potato plants were partitioned at harvest into tubers, roots, 
stems, stalks, and leaflets. Considering C I - treatments for combined 
data, average P32 uptake was lowest at 200 ppm. C I - regardless of 
the level of K+ Increasing K+ within C l _ treatments also decreas-
ed P M uptake. There was no interaction between treatments and 
harvest dates relative to P32 uptake. Correlations between drv 
weights and V- uptake gave the following R2 values: stalks = .36. 
stems = .06, tubers = .15, leaflets = .44, and roots, = .30. 
The largest differences in dry weights were found with tubers 
and leaflets. Additional K+ at all levels of C I " tended to decrease 
drv weights of leaflets. With tubers, all K+ treatments increased 
drv weights at 200 ppm.; whereas, 6 millimoles of K+ gave the high-
est tuber weight at 0 and 400 ppm. C I " At 600 ppm. C l ~ K+ de-
creased the dry weight of tubers. 
Using Warburg manometry, the addition of 600 ppm. C l ~ has 
enhanced the rate of oxygen utilization of intact leaflets from low 
C I " plants grown in nutrient culture which were treated in the 
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early evening and harvested about 16 hours later. High levels of 
C I " have also decreased the amount of radioactive phosphorus in 
aliquots of trichloroacetic acid extractions for phosphate esters and 
in radiochromatograms when counts of radioactivitv were made on 
spots identified as fructose-l-6-diphosphate. 
Further inquiry, therefore, seems justified in an attempt to more 
closely relate soil-plant or nutrient solution-plant relationships in-
volving K+ and C I " absorption and translocation to quality of potato 
tubers via metabolic processes of oxygen consumption and phos-
phorylation. After effects of K+ to CI " ratios are better understood, 
other cation to anion ratios and subsequent interactions will probably 
be deserving of intensive consideration and study. 
Review of Literature 
Soil-plant relationships include factors that determine whether 
an ion in the soil system will enter into the metabolic system of the 
plant (19). A summation of the steps in ion-transfer is diagram-
matical] v shown below where M is the ion in question and the R,'s 
designate rate constants for respective steps. 
M (Soil ^± M (Vicinity of root) ^± M (Absorbed) -» M (Plant top) 1 
R1 R2 R:; 
Emmert (15) reports that ion interaction stoichiometry may in-
clude interplay and reciprocity of charged organic systems in plants 
in addition to the spectrum of inorganic nutrients. Moreover, changes 
in organic acid fractions in plant tissue as a result of disproportion-
ate cation-anion uptake may apply to interaction kinetics. It was 
suggested that organic acids may play a role in balancing electrical 
charges resulting from interacting effects among ions. These inter-
actions mav be due to changing patterns of nutrient allocation, 
changes in selective accumulation processes of roots, and abridge-
ments or inter-ionic influences on the uptake or efflux of ions be-
tween roots and their surrounding milieu. 
Hope (39) indicates that the presence of indiffusible anions due 
to the ionization of pectinic acid and polv-uronic acid molecules is 
very important. The anions are balanced electrically by cations which 
are available for exchange with cell wall counter-ions The apparent 
diffusion constant for cation exchange would be satisfied at equili-
brium bv: 
Mi 
\Io 
Mi+ V 
Mo 
1
 The reviewer believes that R;j sliould also be reversible and that foliar loss and 
foliar absorption should be indicated. 
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Since native wall anions result from the ionization of weak acids, 
pectic acid ?± pectinic for example, raising the H+ concentration 
externally would result in the formation of un-ionized acid accord-
ing to HA ^± H+ + A - which would result in a decrease in the con-
centration of indiffusible anions. In essence, there is some evidence 
to suggest that energy from cell metabolism may be needed to ac-
cumulate anions, and cations concerned may be in electro-chemical 
equilibrium, although a return to this concept of Lungegardh's is 
questioned (53). Hopkins (40) summarizes absorption of ionic 
species as follows: 
M + R ^ MR; Where M = ion and R = metabolic-ally pro-
duced carrier. Then: 
M R ^ M + R 
Inside Regeneration 
Biddulph (5) summarizes absorption by living cells as being two 
phased. First, binding of exchangeable ions to negatively charged 
biocolloids or to non-diffusible anions in the cell wall. Secondly, 
metabolically controlled uptake into protoplasmic constituents of 
cells through an assumed energy barrier or plasmalemma having 
specific ion binding substances which are differentially specific and 
capable of serving certain ions and their congeners. It has been 
reported, however, that ions which enter the free space of cells 
mav have a continuous path from the epidermis to the xvlem via 
the transpiration stream irrespective of an immediate active process 
(39). The association of a certain moisture regimen with rate and 
magnitude of ion uptake is implicit in this suggestion. As indicated 
by Norman (53), there is much controversy betwixt active diffusion 
and transpiration phenomena as related to ion absorption by cells. 
Fried and Heald also indicate that the phloem is involved in move-
ment of ions to plant tops (19). 
The uptake of atoms of a particular element is primarily depend-
ent on the composition of the soil solution and plant metabolism 
(49). Such atoms after coming in contact with plant roots are 
taken up if plant metabolism reduces the A F of usually an ionic 
form of an element within the plant below that in the soil solution. 
Fluoride increased the oxygen uptake of intact bean seedlings 
(2) . Hanson (33) noted that high concentrations of KC1 impaired 
respiration after one to three hours. This lowered rate of respiration 
was related to loss of mitochondrial activity and to less phosphate 
accumulation and ion retention in meristematic and early cell ex-
pansion zones. It was postulated that ribonuclease (RNA) is im-
plicated and its metabolism governed by K/Ca + Mg ratios. Eppley 
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(17) reported that KC1 increased respiration (salt respiration) in 
Porphyra perforata. This respiration was thought to be independent 
of K+ accumulation, and K +• probably acted on respiration by stimu-
lating phosphate transferring reactions. 
According to McNutly and Lords (48), low concentrations of 
XaF increased oxygen consumption and esterified phosphate. How-
ever, at the highest concentration, 1.05 x 10~- M, there was no 
further increase in rate of oxygen consumption, but the esterified 
phosphate increased. 
Chloride from C a d ? produced marked stimulation of respiration, 
while C l ~ from XaCl had no effect (31). Robertson (54) calculated 
the energy required to effect accumulation of C l ~ from 0.01 N 
KC1 and found it to be one per cent of that found in the salt respira-
tion accompanying the accumulation. 
Loughman (47) found that the capacity of potato slices to absorb 
phosphate into organic fractions was proportional to the respiration 
rise. Phosphate incorporated by aged slices was 30 per cent nucleo-
tide, 50 per cent hexose phosphate, and 20 per cent inorganic phos-
phate. The accumulation and esterification of phosphate were ap-
parently separate processes. Moreover, respiration of fresh slices 
was nonphosphoroh tic while aged slices had a rapid turnover of 
phosphate. In this respect, Calo and Varner (9) found that aerated 
discs had an increased capacity for oxygen uptake giving further 
evidence that the respiratory capacity is coupled to phosphorylation. 
According to Griffiths and Hackett (29) cytochrome oxidase 
mediates at least a portion of the respiration linked to phosphate 
uptake. 
According to Handlev and Overstreet (30), absorption of salt by 
plant tissue is usually accompanied by stimulation of respiration. In 
regard to the Lundegardh-Robertson view, oxidized cytochrome is 
capable of attracting anions from the external medium and accumula-
tion occurs either as a result of inward movement of anions along 
chains of stationary cytochrome enzymes or as a result of diffusion 
of particles as shown below: 
Inner boundary of cell: FH 2 + 2Cvt Fe + + ' -» 2Cyt Fe++ + 
2H+ + F; where F and FH 2 represent oxi-
dized and reduced forms of the flavopro-
tein enzyme. 
Outer boundary of cell: 2H+ + 1/2 OL. + 2Cvt Fe++ -> 2Cyt 
F e + + + + HoO 
In the above equation increased respiration would result from 
the stimulating effect of anions upon the activity of the cytochrome 
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svsti'in. Hence, a disparity of anions in the external medium would 
be conducive to sluggish operation of the terminal oxidase. 
According to Handles' and Overstreet (30), slowly absorbed ca-
tions reduce the absorption rates of their associated anions in single 
salt solutions. They relate that Stewart and his collaborators observ-
ed a stimulation in the respiration of potato slices with KC1 but not 
with KBr indicating that the absorption of C l ~ affects respiratory 
rates. Of the ions tested K+, Na ' , NO.) - , and C I " stimulated res-
piration; whereas, Ca+ + . Mg+ , S 0 4 " , and B r - had little if any 
influence. It was also noted that the effect of salt on respiration be-
comes maximal at relatively low concentrations. 
Handlev and Overstreet (30, 31, 32) reported that the uptake of 
C l ~ was a non-metabolic process in the meristematic portion of the 
root tip, but its uptake into vacuolated portions was largely metab-
olic and stronglv dependent on temperature. Stenlid (59) concluded 
that the mechanisms of P'" uptake differs from that of C l ~ and 
KOy , and oxidative phosphorylation is especially important for P:il 
absorption. According to several investigations (4, 18, 25, 37), Cl~ 
inhibits the uptake of P :" and S0 4 Leaching of C I - removed this 
repressive effect, and P " was absorbed with little competition from 
other anions. In tobacco, C l _ percentage in the leaf was increased 
to a greater extent than S0 4 by additions of the respective ions to 
the substrate (62). 
According to Bonner and Galston (7 ) , salts of monovalent ions 
are usually taken up and accumulated at a more rapid rate than di-
or polvvalent ions. This relationship is similar among anions — Cl~ , 
Br~, or NO;: having more uptake than S0 4 Anion accumulation 
mav predominate over cation uptake, when anions such as NO3 -
or C I - are present in the nutrient solution as salts of slowly absorb-
ed cations such as Ca ' + and Mg ' + 
Handlev and Overstreet (30) state: 
"The process of absorption need not occur con-coinmitantly 
with the enhancement of respiration; the presence of certain 
ions in the tissue affects respiration after absorption has oc-
curred." 
The fact that certain ions, notably, Br" , may be absorbed without 
appreciable effect on respiration suggests that although aerobic res-
piration (aerobic phase of CHO degradation) is essential for salt 
absorption, this latter process involves particular chemical pathways. 
Alternate pathways involving component parts of the tricarboxylic 
acid cycle or phosphorylated compounds may be present. 
N U T R I T I O N O F POTATO PLANTS I I 
Albaum (1) reported that the following mechanism appears to 
be operative in the formation of starch in potatoes: 
ATI' 
Initial esterification of glucose -> glucosc-6-phosphatc -> glu-
cose - 1 - phosphate -> glucose - 1 -6 - diphosphate -> glycogen 
through mediation of a phosphorylase and a branching en-
zyme. 
Hoover and Xander (3.8) after Schwimmer (58), proposed in 
their cyclic scheme of metabolic pathways that shunting of free 
sugars and dephosphorvlation derivatives of the photosynthensate 
fructose-6-phosphate to reconversion to sucrose by uniting one mole 
each of uridine diphosphoglucose and fructose bv means of sucrose 
uridine diphosphotransglucosvlase would remove fructose which 
readily undergoes browning with amino acids (Maillard reaction) 
which is a major factor in chipping color. In essence, the enzyme 
sucrose uridine diphosphotransglucosvlase catalyzes the synthesis of 
sucrose from fructose and uridine diphosphate glucose in potatoes, 
and an increase in the activity of this enzyme system is associated 
with good chipping quality. The hydrolysis of sucrose to glucose 
and fructose, mediated bv invertase, appeared to be associated with 
a darker chipping color. 
Lempitskava (45) reported that KC1 in comparison with K=SOj 
retarded the withdrawal of sugars from the organs of potato plants 
above ground, and sucrose the precursor of starch was present in 
tubers in smaller amounts. Potassium sulfate and a mixture of C I -
and S 0 4 = favored the formation of carbohydrates in tops of potato 
plants and increased rate of translocation to reproductive organs 
and sites of tuber formation. 
Materials and Procedures 
The Russet Rural variety of potato was grown hydroponically 
with sand culture in a semi-controlled, environment chamber. The 
chamber minimized the possible foliar sorption of C I - and SC>4 " 
from impurities in the air. The chamber was built on a greenhouse 
bench and was four feet wide, seven feet high at the peak of the 
gable roof, and twenty-one feet long. The plastic used was 0.005 mil 
Amilsco polyflex 2302 which transmits all wave lengths of light. The 
chamber was ventilated bv placing a heavy-dutv exhaust fan at the 
chamber outlet and connecting the fan to a "Farm-O-Stat" thermo-
stat set to start the fan when the temperature in the chamber rose 
2
 American Associated Companies , Reel Bank, NT. J. 
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above 70 degrees FA The air intake of the chamber was fitted with 
a 20 inch by 20 inch Homart replacement air filter' 
Supplemental lighting was provided automatically from 3:00 
P. M. to 9:00 P. M. daily by eight 300 watt bulbs spaced three feet 
apart, in large white reflectors. The lights were mounted on a pulley 
arrangement that enabled them to be raised as the plants increased 
in height. 
Temperatures within the chamber were approximately 50° F. at 
night and 55° F. during the day. 
Sand, glazed crocks and glassware were acid-washed (.001 N 
nitric acid) and rinsed with CI "-free water (silver nitrate test) sev-
eral times to lessen contamination by chlorides. Amber glassware 
was used to prevent or minimize algae growth. Plants were fed by 
surface irrigation to prevent aeration difficulties in the fine sea sand. 
The nutrient solutions were changed weekly at which time the sand 
was also leached of excess salts with distilled or deionized water. 
The Russet Rural variety of potato was selected, since it is very 
sensitive to low amounts of C l ~ Greenhouse and field trials have 
indicated that the tolerance of five potato varieties to low levels of 
C I " in the substratum is as follows in order of most to least sensi-
tive: 
Russet Rural > R.usset Sebago > Kennebec > Plymouth > Ka-
tahdin. 
Seed pieces (rest period broken with ethylene chlorohydrin) 
consisted of half-tubers which were treated with 100 ppm. of Agri-
mycin 1005 for five minutes to decrease the incidence of blackleg 
and bacterial seed piece decay (6 ) . The seed pieces were allowed 
to suberize and form wound periderm for approximately 48 hours at 
room temperature. These were sprouted in sand to provide trans-
plants, since it was found that sprouts may obtain about 0.0035 me. 
of C I " from the seed pieces. Unsprouted seed pieces were also 
used so that plants grown from transplants and seed pieces could be 
compared. One-half strength amounts of the nutrient solutions were 
used to start the plants. 
Treatments were designed to determine the relationship of K+ 
and C l ~ The basic constituents of the nutrient solution adapted 
after Broyer et al. (8) in millimoles per liter common to all treat-
ments were: Ca++ - 4, K+ 3, H P d r 2, S0 4 = 1, N O - r 11; in 
micromoles per liter: Fe 86, Mn 9.1, Zn 0.76, Cu 0.31, Mo 
3
 Montgomery Ward, Albany, N. Y. 
4
 Sears Roebuck and Company, Bangor, Maine. 
5
 Chas. Pfizer & Co., Inc., 15!? Streptomycin, 1.5% oxtetracycline. 
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0.10, B 46. Additions of K and C l ~ were made to formulate the 
treatments. Potassium as KXO:l and K3 (C„H 5 0 7 ) . H 2 0 was added 
in concentrations of 3, 6, and 9 millimoles per liter in combination 
with C l ~ as NaCl which was added in concentrations of 0, 200, 
400, and 600 ppm. The concentration of Na ' was constant within 
each C l ~ treatment. The concentration of Xa+ in millimoles per 
liter was 0 for no C l ~ 1 for 200 ppm. C l ~ , 2 for 400 ppm. C I " , 
and 3 for 600 ppm. C l ~ All treatments were equilibrated for the 
citrate ion using citric acid. An added treatment with extra citrate 
( 3 \ 4 + 1 factorial) indicated that citrate had very little influence 
on the response of the potato plants. Initial pH between treatments 
varied from 4.2 to 7.2. A randomized, complete-block design in trip-
licate was utilized. For each treatment, potato plants were grown 
from seed pieces to compare with plants grown from transplants. 
Radioactive phosphorus was added bi-weekly by replication, be-
ginning at the approximate time the plants began to flower, at a 
concentration of 10 microcuries per plant. Since conditions in the 
chamber were well controlled, it was adjudged that differences be-
tween replications (harvest dates) might provide useful information 
relative to the influence of stages of growth on nutrient relationship. 
During growth of the crop, data were obtained relative to the 
following: 
1. Measurements of plant height at weekly intervals. 
2. Salt bridge and pH readings on initial nutrient solutions and 
at the time the solutions were changed at intervals of one 
week. 
3. Weekly growth measurements. 
4. Notes on general growth characteristics. 
Potato plants were harvested bv replication two weeks after re-
spective additions of P32 At the time of harvest, individual plants 
were immediately separated into tubers, roots, stems, leaf stalks and 
leaflets. These components were wrapped separately with aluminum 
foil, placed in dry ice, and stored in dry ice for approximately 20 
hours. (The second crop in 1961 was not treated with dry ice, since 
fresh plant tissue was needed for chromatographic studies). The 
samples were dried at approximately 55° C. and dry weights were 
taken. Later, the samples were essentially comminuted for counting 
of radioactivity, chemical analyses and chromatographic studies. For 
the chemical anahses of inorganic constituents, replications were 
composited and several duplicate checks on the results were con-
ducted. Analytical methods as summarized bv Corbett (12) were 
used. 
g to Le Clerg (44). 
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Results and Discussion 
Variation in temperatures and light: 
Results of temperature readings obtained within the plant 
growth chamber are shown in figure 1. The readings represent aver-
age temperature readings from six randomly located thermometers 
for each of two crops. It is evident that trends between temperatures 
for the two crops were similar but a difference in magnitude is in-
dicated — crop II having been grown with the highest temperature. 
Statistically, there was highly significant variation between intervals 
o
c
 temperature measurement within the growth chamber and be-
tween crops, appendix table I. Nevertheless, the experimental de-
sign adequately removed variation due to thermometers, since rela-
tively uniform readings occurred between thermometers within inter-
vals. In support of this contention, the interaction of thermometers 
with temperature was not statistically significant, 
In reference to light intensity, data from two randomly placed, 
tota'i''.''ng light meters were indicative of uniform lighting conditions 
for all plants within the growth chamber (11). Data have not been 
included, since even though the two machines were compared and 
calibrated, counts could not be converted to more meaningful data 
in terms of energy or gram calories. 
pH and soluble salts: 
As noted in figure 2, salt bridge readings of initial nutrient solu-
tions were positively associated with increasing amounts of C I - and 
K Of the two ions, C l ~ was apparently more effective than K+ in 
increasing electrical conductivity readings. After one week of plant 
growth in the nutrient solutions, figure 2, the salt bridge readings 
were greatly decreased. The difference between initial and final salt 
bridge readings are believed to be caused bv the differential uptake of 
K+ and C I - The greatest decrease in salt bridge readings after one 
week of plant growth occurred with 3 millimoles of K+ in combina-
tion with 0, 200, 400, and 600 ppm. C I " As will be shown later, ad-
ditions of potassium decreased the uptake of C l ~ which also seems 
to be reflected in figure 2 because of higher salt bridge readings, 
where the decreased uptake of C I - occurred. 
As indicated in appendix table II, K+ and C I - treatments 
significantly affected salt readings after one week of plant growth 
with full strength nutrient solutions. The main effect of K+ ac-
counted for approximately 68 per cent of the variance due to treat-
ment; whereas, C l ~ treatments accounted for about 27 per cent of 
this variance. There was no significant interaction of K+ with C I " 
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Figure 1 Average tempera ture readings from six randomly loeated 
thermometers for eaeli of two erops. 
Results were comparable for readings taken with one-half strength 
nutrient solutions. 
Differences between initial and final pH values for the first crop 
are also shown in figure 2. As noted, treatments which were com-
posed of 6 millimoles of K> in combination with 0, 200, 400, or 600 
ppm. CI had the greatest effect on increasing pH after one week 
of plant growth compared with the pH values of the initial nutrient 
solution before plant growth. In even' case, these treatments re-
ceived one millimole of citrate as citric acid to equalize the citrate 
concentration between treatments. There would seem to be two 
possible explanations for this effect of citric acid. First, citric acid 
may have a primary or secondary buffer effect against the O H - ion. 
Salt 
pH = pKa + log ' -where pKa = Log Ka; dissociation of 
\cid 
citric acid: first H+ = 8.4 x 10"4 , second H+ = 1.8 x 10"5 , and 
third H+ = 4 x 10" 6 
Second, potato plants mav have removed the citric acid. 
According to Miller (50), tomato plants (Solananaceae) take up 
a high amount of citric acid: stem—S5?, leaf—4.7%, and fruit—7.2;?. 
Hober et al (36) also indicate that undissociated molecules of or-
ganic acids may penetrate cell membranes readily, their rapidity 
of penetration being dependent on the array of polar groups and 
subsequent hydroaffinity. Neither explanation seems tenable, how-
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Figure 2. Salt bridge and pH readings, initially and after one week of plant 
growth for first crop, 1960. 
ever, since one millimole of citric acid in the amount and concen-
tration of the nutrient solution used would have little buffering 
effect. In addition, citrate ions were available for plant use among 
nutrients comprising other solutions. The inclusion of citric acid did 
not seem to alter the perspective or trend of results from a statistical 
or literal interpretation. Lastly, it mav also be possible that bacteria 
or algae were present which directly utilize citric acid as a source 
of energy for their metabolic processes. 
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The analysis of variance for pH reading of both crops is given in 
appendix table III. As indicated, only K ' treatments caused sig-
nificant variance. 
Flower bud appearance. 
In contrast to Corbett's results (12), C l ~ did not significantly 
delay the gross appearance of flower buds, table 1, but there was a 
statistically significant retardation in their appearance due to in-
Table 1. Effect of potassium and chloride t reatments on gross appearance ol 
flower buds in number of davs after plant ing, average of two crops, 
1961 and 1962. 
Chi >ride, ppn . 
0 200 400 600 M can1 
49.83 49 33 46.33 46.50 48.00 
53.50 53.58 49.67 51.67 52.11 
48.83 52.00 
51.64 
51.67 
49.22 
53.33 51.46 
50.72 50.50 
1 L.S.D. 's: 
3 mmole K ^ vs. 6 mmole K+ p .05 — 3.27 
3 mmole K 4 vs. 9 mmole K 4 , p .05 3.44 
creasing concentrations of potassium, appendix table IV. As an aver-
age of all results for chloride concentrations, this delay amounted to 
approximately four days. Differences between the two crops are 
shown in table 2. It is of particular interest that 3 millimoles of K f 
regardless of the C I - concentration, caused a significantly earlier 
appearance of flower buds for crop II in comparison with the 
results for crop I. 
According to Williams and Vlamis (63) absorption of NO;l~ 
increases with increasing temperature, and it is affected by tempera-
ture changes much more than other ions. They suggested that the 
temperature effect is on the reductase enzyme system which is 
essential for the reduction of nitrate and the synthesis of organic 
nitrogen compounds. Since crop II of potatoes was grown at a 
higher temperature than crop I, it seems feasible that increased 
N O ; - absorption could have affected the K+ and C l ~ relationship 
which in turn might affect flower bud appearance. 
In addition to effects on ion relationships, it is possible that the 
varietv of potato may have influenced the date of flower bud ap-
pearance, since Corbett (12) used the Katahdin varietv of potato 
in his studies, and the Rural Russet variety of potato was used in 
investigations reported herein. 
Potassium, mmoles 
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Table 2. Ellcct ot chloride and potassium treatments on da te of gross flower 
bud appearance, average of three replications, 1961 and 1962. 
Mean d.i\s after planting 
Crop I Crop II 
'Pre atrru •nts 
Potassium, Chloride 
mmoles ppm. 
3 0 
6 I) 
9 0 
3 2(10 
6 2(10 
fi citrate 200 
9 200 
3 400 
fi 400 
9 400 
3 600 
6 60(1 
9 600 
Mean 
Standard Error 
i ° p .05 
* > --• .01 
52.0 47.7 
49.7 57,3 
52.7 45 0 
56 0 42.7 
56.7 49.0 
59.0 49.7 
50 7 53.3 
53.0 39.7 
49.3 50.(1 
53.3 50.0 
52.3 40.7 
54 3 49.0 
50.(1 56.7 
53.0 48 5 
,S04 1.51' 
(iff erence 1 
+ 4.3 
-
7.6 
+• 7.7 
r 1.3.3°° 
+ 7.7 
+ 9.3 
-
2.6 
13.3°° 
-
7 
+ 3.3 
+ 11.6° 
+ 5.3 
-
6.7 
Plant height: 
Figure 3 as an average of data for the two crops shows the effect 
of K+ and C l ~ treatments on plant height in inches. The summary 
table giving the analysis of variance for these data mav be found in 
appendix table V. There were highly significant variances due to C I -
and K+ treatments and their interaction, but K+ had the most 
significant effect accounting for approximately 85 per cent of the 
variance due to treatment. Increasing the level of K + tended to 
decrease plant height. Within levels of K + , C I " tended to increase 
plant height at 3 and 6 millimoles of K+. and decreased plant height 
at the 9 millimole level of K+. 
Crop II was significantly taller than crop I, table 3, the mean 
difference being 3.03 inches. It is also noteworthy that crop II re-
sponded differently to the 3 millimole K+ treatment irrespective of 
C I " concentration than did crop I, and this interaction was statis-
tically significant. It seems probable that these results may again be 
explained by the temperature differential between the two crops 
and subsequent effects on nitrate absorption and utilization. In 
essence, temperature may have effected cation-anion relationships 
which in turn affected plant height. 
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Figure 3. Effect of potassium and chloride treatments on height of potato 
plants as an average of two crops. 
Leakage of P32: 
During the process of drying relatively immature potato tubers 
previously frozen with dry ice from plants which had received ap-
plications of 10 microcuries of P ;-, it was noted that there were 
areas of discoloration on the underlying indentification cards. Moni-
toring with a survey meter indicated that the spots contained radio-
activity. To obtain data of a more quantitative nature, the card for 
each treatment was immersed in 50 ml. of boiling, 95 per cent, ethyl 
alcohol for 10 minutes in beakers under watch glasses. Radioactivity 
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Table 3. Effect of potassium and chloride t reatments on the average plant 
height for two crops, 1960 and 1961. 
Treatments Ilei, 
Potassium, Chloride, 
mmoles P P m • Cri >p 
3 > 16.24 
6 0 21.19 
9 0 19.41 
3 200 17.33 
6 200 16.74 
6 Citrate 200 12.99 
9 200 19.97 
3 400 18.77 
6 400 17.13 
9 400 16.53 
3 600 19.65 
6 600 17.49 
9 600 11.28 
Mean 17.29 
H ght ill Incln 
Crop II Differenc 
25.01 
14.45 
23.79 
23.42 
20.14 
16.58 
19.01 
25.59 
18.49 
18.78 
25.37 
19.85 
13.67 
20.32 
8.77 
- 6 . 7 4 
4.38 
6.09 
3.40 
3.59 
- .96 
6.82 
1.36 
2.25 
5.72 
2.36 
2.39 
3.03 
Table 4. boss of radioactive materials in counts per minute from tubers dur-
ing drying, 1961. (Decay corrected to Marcli 14, the first applica-
tion of radioactive phosphorus, for all times of harves t ) . 
Treatments Block I Block II Block III Mean 
Harvested Harvested Harvested 
:+ c i -
ppm. 
March 28 April 11 
cpm. 
April 2.5 
cpm. mmol. cpm. cpm. 
3 0 372.59 33.47 38.43 111.12 
6 (I 674.42 40.11 15.37 243.30 
9 0 97.45 31.85 10.99 46.76 
3 201) 91.60 30.63 23.55 48.59 
6 200 33.52 21.48 31.85 28.95 
6 + Citrate i 200 47.30 35.62 25 65 36.19 
9 200 402 78 54.30 30.20 162.43 
3 400 15.96 41.84 30.02 29.27 
6 400 79.78 40.85 11.62 44.08 
9 400 88.90 15.30 12.42 38.87 
3 60(1 0 19.23 12.14 10.46 
6 600 89.93 52.88 18.28 53.70 
9 600 48.86 24.59 21.21 31.55 
Mean 157.16 34.02 21.67 
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was counted on a 2 ml. aliquot. The results are shown in table 4. 
Although results appear to be variable within each time of harvest, 
the effect of CI was significant at the 10 per cent lex-el, appendix 
table VI. This was primarily due to the higher recovery of radio-
activity at the 0 level of CI It is easily noted that the radioactix itx 
recovered tended to decrease as maturity of tubers increased. In 
this respect, differences between harvest dates were significant at 
the one per cent probability level. The amount of leakage is deemed 
to be of practical significance and further research seems justified 
to xerifv a postulated leakage of water soluble sugar phosphates. Of 
special interest in this regard are the results given by Samotus and 
Sehwimmer (56) xx'ho reported that due to the cold storage of po-
tato tubers, phosphorus splits off from the starch and appears as 
inorganic phosphorus. They found that starch granules increase in 
phosphorus content during development. In voung tubers the phos-
phorus is starch-bound, but in more mature tubers phosphorus is 
organicallx- bound as a trichloroacetic acid-soluble form. 
Nutrient uptake, cations and anions: 
Table 5 shoxx-s affects of the various K+ and C I - treatments on 
summations of cations and anions and their ratio. As noted, increas-
ing K~ xx'ithin levels of C I - tended to increase the summation 
values for cations and to reduce the summation xalues for anions. 
This xxas especially apparent for 9 millimoles of K + with 400 and 
600 ppm. C l ~ xx'hich resulted in a ratio of cations to anions of ap-
proximatelv 0.7 (a cation-anion ratio of 1.5 xxas obtained when 3 
millimoles of K + was used xxith 600 ppm. C I - ) . This marked 
change in the cation to anion ratio appears to be primarily a result of 
reduced X O . r and C I - uptake and a corresponding increase in K+ 
uptake. Linear regression equations are: regression of NO : i~ on K + : 
Y = 130.106 + -.1749 (x) and regression of C l ~ on K+ : 
Y - 43.771 + -.2695 (x) . 
Relationships between cations are shoxxm in figure 4. Although 
there was an inverse relationship between the uptake of K + xvith 
Na~ Mg^ + . and C a + " the most notable effect xvas the reduction 
in the uptake of Mg~~ as the concentration of K+ increased. 
In regard to anions, increasing C l ~ tended to reduce the uptake 
of S 0 4 = representative results as shown in figure 5. Phosphate xvas 
variable, and no consistent effect is evident, table 5. The C l ~ and 
N 0 3 ~ anions will be discussed in the following section relative to 
their relationship xvith the K + cation. 
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Table 5. Ell eels of chloride and potassium treatments on the summation of 
eations and anions and their ratio, 1961. 
CATIONS 
Tre atments 
K '- c i -
mmol . ppm. K ! 
3 0 37.3 
6 0 SO. 8 
9 0 97.2 
3 200 35.3 
6 200 ' 32.7 
fi 200 81. 8 
9 200 93.fi 
3 400 36.8 
6 400 93.1 
9 400 106.1 
3 000 32.7 
fi 600 90.5 
9 600 95.7 
Call Me. per 100 grams 
Mean 70 28 
Standard Error 8.25 
C.i- Mi; Total 
5.2 58.5 55.7 156.7 
4.1 48.0 41.2 174.1 
4.3 41.0 46.9 189.4 
13.5 51.0 45.3 145.1 
10.4 39.0 45.3 127.4 
7.0 48.0 24 7 161.5 
6.5 36.0 18.9 155.0 
17.8 57.0 48.6 160.2 
8.7 51.5 34.6 187.9 
8.3 32.5 28.0 174.9 
17.8 46.0 38.7 135.2 
10.4 51.0 48.6 200.5 
9.6 41.0 
46.19 
26.3 172.6 
9.51 38.68 
1.26 2.19 3.12 5.95 
ANIONS AND C A T I O N S : ANIONS 
Trt •atments Anions, Mr per 100 grams Ratio of cation.1 
K + c i - to anions, me. 
mmol. ppm. 
0 
N O , -
137.1 
so4 = 
3.9 
c i -
3.1 
PO4 Total per 100 grams 
3 2.3 146.4 .934 
6 0 192.1 11.7 2.7 0 0 208.7 1.199 
9 0 198 0 9.4 2 8 2.6 212.8 1.124 
3 200 112.9 2.7 35.1 2.8 153.5 1.058 
6 200 84.3 y o 22.6 2.8 116.9 .724 
9 200 86.5 7.0 17.3 1.8 112.6 .727 
3 400 134.2 5.0 47.5 3.4 190.1 1.187 
6 400 92.4 16.8 29.5 2.9 141.6 .754 
9 400 84.3 6.9 20.3 2.9 114.4 .654 
3 600 123.9 13.5 58.7 2.7 198.8 1.470 
6 600 99.0 4.8 31.4 3.2 138.4 .690 
9 600 84.3 5.7 22.3 
24.44 
3.0 
2.72 
115.3 .668 
Mean 119.08 7.88 
Standard Error 10.81 .12 4.66 .12 11.13 .0779 
1
 Additional citrate. 
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A «-K 
„ C A 3, 6 & 9= ADDITION OF K IN MMOLES 
3 6 9 
R 0 CL" 
B *=M, 
l=NA 
6 9 
0 CL" 
3 
Figure 4 
3 6 9 
2 0 0 PPM CL" 
\ 3 6 9 
j 4 0 0 PPM CL' 
3 6 9 
6 0 0 PPM CL 
3, 6 a 9= ADDITION OF K IN MMOLES 
I •a C Q "^ g Q 2 0 0 PPM CL" I 4 0 0 P P M C L 1 600PPM CL 
Effect of potassium and chloride treatments on the uptake of 
potassium, sodium, magnesium, and calcium. 
Nutrient uptake, C I " - K + and NO:, - K+ relationship: 
Table 6 shows the effect of treatments on the percentage of CI 
in potato plants, including roots, tubers, and tops, grown from seed 
pieces and from transplants. It is evident that the source of the po-
tato plants (transplants vs. seed pieces) had little influence on 
amounts of C l ~ in the plant tissues. It is easily noted, however, 
24 MAINE AGRICULTURAL EXPERIMENT STATION TECHNICAL BULLETIN 3 
KV Cf STUDY SECOND CROP 
Figure 5. The effect of potassium and chloride treatments on the uptake of 
sulfate in milliequivalents per 100 grams of plant tissue, second crop, 1961. 
that the amount of C l _ in the plants increased directly as the amount 
of C l _ in the nutrient solution was increased. Further, at any given 
concentration of C l ~ and correspondingly constant Na+ content, 
increasing K+ in the nutrient solution decreased the uptake of C l ~ 
markedly. 
The relationship between K+ and C I " , cation and anion, ap-
pears to be amazingly quantitative. This is diagrammatically and 
effectively portrayed in figure 6 for data representing the percentage 
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Table 6. Effect of varying concentrations of chloride, potassium, and sodium 
on the per cent ot chloride in potato plants, including roots, tubers, 
and tops (composi te of three replications, 1960-1961) . 
Trea tments : Chloride concentration of plants: 
grown from grown from 
Chloride Pot: issium Sodium transplant seed piece 
ppm. mi noles mmoles 
0 0.105 
<!c 
0 3 0.110 
0 C 0 0.095 0.095 
n 9 0 0.100 0.095 
2011 i 1 1.135 1.175 
200 6 1 0.745 0.855 
200 9 1 0.625 0.605 
400 3 o 1.680 1.690 
400 6 o 1.055 1.035 
400 ') n 0.685 0 770 
600 3 3 2.305 1.860 
600 6 3 1.105 1.125 
600 <) 3 0.800 0.780 
Mean 0.870 0.850 
Standard Error 0.190 0.167 
of C l ~ in plants as an average of the results of transplants and 
plants grown from seed pieces in 1960 and from plants grown from 
seed pieces in 1961. It appears that the C l ~ uptake by potato plants 
in nutrient solution could be predicted by determing the K+ con-
tent in the tissue of potato plants (Y = 43.771 + -.2695 (x) ). 
Figure 7 shows the effect of K + and C I - treatments on the up-
take of NO-. - (nitrate nitrogen) in milliequivalents per 100 grams of 
plant tissue. Potassium seemingly had less effect on the uptake of 
NO.-,- than C l ~ It is interesting to note, however, that 200 ppm. of 
C l ~ with 6 and 9 millimoles of K+ was associated with less N O - -
uptake than when added with 3 millimoles of potassium. Although 
high rates of K + reduced NO,-)- uptake, this effect was more pro-
nounced with increasing C l _ 
It is apparent that much more study needs to be given to 
physiologic relationships between K+, C I - , N 0 3 ~ and S 0 4 = on an 
equivalent weight basis. A comparable environment, however, rela-
tive to pH and osmotic relations is unattainable unless other ions 
or chemicals are introduced into the nutrient solution. 
26 MAINE AGRICULTURAI EXPLRIMI.NI SIAIION TECHNICAL BULLETIN 3 
CHLORIDE STUDY 
FIRST a SECOND CROPS 
3 
Figure 6. Effect of three levels of potassium in association with four con-
centrations of chloride on the percentage of chloride in the plants 
including roots, tubers, and tops, as an average of two crops. 
Nutrient uptake, P32: 
For crop I, relatively mature potato plants were partitioned at 
harvest into tubers, roots, stems, stalks, and leaflets. Although these 
voluminous data are not given in the text, the summary data for the 
analysis of variance is given in appendix table VII. In addition, cor-
relations between dry weights and P32 uptake will also be presented 
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in the next section. In general, plants grown from seed pieces, in 
comparison with those grown from transplants, had a higher P , J 
uptake. This was presumably related to differences in plant size 
and root development. Plants grown directly from seed pieces were 
generally larger, and they had better root development. The uptake 
of P:1- by plant parts was: leaflets > leal stalks > stems > tubers 
> roots. 
Results for crop II are presented in table 7 and appendix table 
200 
Figure 7. Effect of three levels of potassium in association with four concen-
trations of chloride on the amount of nitrate in me. per 100 grams 
in potato plants including roots, tubers, and tops, 1961. 
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VIII. These data are in terms of counts per minute per gram of plant 
tissue on a drv weight basis. Considering C l ~ treatments, average 
P:f- uptake was lowest at 200 ppm. C l ~ regardless of the level of 
K+ This is also shown in figure 8. Increasing K+ within C l ~ treat-
ments in general, also decreased P3~ uptake. 
Table 7. Effect ot treatment ' , mi P : i- in total plants at three harvest dates, 
average of three replications. Radioactive decay corrected to first 
date of application, March 14. 1961. 
Mean of Mean of Mean of 
Treatments Harvest Date Harvest Date Harvest Date Mean 
1 2 3 
v + Cl- (March 28) (April 11) (April 25) (3 dates) 
3 0 3448 2100 1114 2221 
6 (l 2725 921 763 1470 
9 (1 2994 1033 1010 1679 
3 200 2130 1325 681 1379 
6 + Citrate 200 2666 993 739 1466 
6 200 2845 1001 732 1526 
9 200 2571 896 535 1334 
3 400 3359 1388 8.33 1860 
6 400 3269 885 834 1663 
9 400 2983 1863 845 1897 
3 000 3480 1267 82(1 1856 
fi 000 3127 1406 699 1744 
9 BOO 1369 1627 452 1149 
Mean 2844 1285 774 
It may be worthy to relate that the reduction of P32 uptake at 
200 ppm. C I - , shown in figure 8, has been noted in several other 
studies using soil or nutrient solution greenhouse culture. This 
effect has been consistent at 200 or 400 ppm. of C I - Theoretically, 
it may be at this concentration of C l ~ that metabolic processes are 
affected, particularly those involving phosphorylation or the esteri-
fication of inorganic phosphorus. It has been reported that uncoupling 
of phosphorylation can occur by removal of cations from chloro-
plasts or by too high a concentration of anions (28, 42). Highest 
P::- uptake occurred at the first harvest date and progressively de-
creased for the last two harvest dates. This progression of P:iL' uptake 
is analogous to the previously reported leakage of radioactivitv 
from potato tubers during the drying process, table 4. In general, 
treatments reacted alike regarding effects on P'12 uptake for each har-
vest date. 
There was close association between treatments and P32 uptake 
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Figure S Effects of potassium and chloride t reatments on the uptake of 
radioactive phosphorus, 1961. 
by tubers, roots, stems, stalks, and leaflets. Cursory observation, 
however, was indicative of possible relationship between drv weights 
Table 8. Dry weights in grams of components of potato plants grown from 
seed pieces, average of three replications, 1961. 
Treatment 
K+ c i - Tubers Roots Stems Stalks Leaflets Mean 
mmoles ppm. gm. gm. gm. gm. gm. gm. 
3 0 6.94 2.66 6.16 .96 4.75 4.29 
6 0 15.96 2.29 5.02 .70 4.27 5.65 
9 f) 13.68 2.15 7.92 .90 4 94 5.92 
3 200 S.T2 2.87 5 67 .80 4.92 4.60 
6i 200 12.26 2.63 4.97 .74 4.45 5.01 
6 200 12.39 1.90 5.95 .61 3.95 4.96 
9 200 15.59 2.26 6.45 .94 5.02 6.05 
3 400 6.03 2.95 7.26 1.01 5.31 4.51 
6 400 11.33 2.29 7.18 .97 4.72 5.30 
9 400 10.46 2.08 6.77 .88 4.13 4.86 
3 600 11.91 2.65 6.33 1.06 6.46 5.68 
6 600 7.96 2.18 6.39 .74 4.00 4.25 
9 600 7.98 1.46 
2.34 
4.68 .45 2.52 3.42 
Mean 10.86 6.21 .83 4.57 
1
 Addit ional citrate. 
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of plant parts shown in table 8, and their corresponding F'" uptake. 
Accordingly, coefficients of determination were calculated for re-
spective correlations. The R" values were found to be as follows: 
stalks = .36, stems = .06, tubers = .15, leaflets = .44, and roots = .30. 
DIN weights: 
Results for effects of treatments on dry weights of components of 
potato plants grown from seed pieces are shown in table 8. Appen-
dix table IX gives the analysis of variance. Data are not shown for 
plants grown from transplants, since plants grown from transplants 
and seed pieces reacted alike relative to treatment effects on dry 
weight. 
The largest differences were found with tubers and leaflets. Al-
though results were not statistically significant at the generally ac-
cepted probability le\-els and conventional error variance, they ap-
proached significance at the 10 per cent level. Additional KT at all 
levels of C l ~ tended to decrease the dry weights of leaflets. With 
tubers, all K^ treatments increased their dry weights at 200 ppm.; 
whereas, 6 and 9 millimoles of K f increased tuber weight at 0 and 
400 ppm. C I - At 600 ppm. C I " K1 decreased the dry weight of 
tubers. 
Oxygen uptake: 
Plants of comparable age and development were selected. Leaf-
lets were used from the third fully expanded leaf from the tip of 
each plant. The terminal and first two lateral leaflets on the leaf 
were used. 
Measurements were made by placing the intact leaflets in vessels 
of a Warburg apparatus, 0.5 ml. of KOH in the center well and 
without added substrate in the chamber, approximately 16 hours 
after adding or not adding C I - to the nutrient solutions of test 
plants. Chloride was added to test plants in the early evening and 
harvest was conducted the following morning. These plants had 
received no added C l ~ prior to treatment, and they were beginning 
to form flower buds. 
Figure 9 shows the results of the respiration studies using War-
burg manometry in respect to the interaction of time of harvest with 
3 millimoles of K+ and all C l ~ treatments. It is especially significant 
that C l ~ increased oxygen consumption but most significantly so at 
the earlier time of harvest. 
In healthy leaves of a potato plant, carbohydrates are stored as 
starch and translocated as sucrose. Since no substrate was added to 
the chamber of the vessel, materials for respiratory processes came 
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Figure 9. Effects of chloride- t reatments with 3 mmoles of potassium on 
r>\\gen uptake in microliters per gram of clrv weight of leaf tissue 
per hour. ( T j corresponds to the approximate time of bud appear-
ance, T., and T 3 are at respective 2-week intervals, 1962) . 
from within the leaflets. Hence, it might be deduced that the high 
C l ~ treatments interfered with the translocation of material from 
the leaflets, since oxygen consumption or rate of respiration was 
highest in leaflets of plants treated with high C l ~ It may also be 
p< •' ' --"-" Jrates were being metab-
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olized. In the opinion of the author, this phase of the investigation 
involving effects of C l ~ on the translocation of metabolites warrants 
intensive study. Although these results are provisional, the following 
summary of previous research supports the theory (25) . Katahdin 
potato plants were initially grown in nutrient culture without the 
addition of C l ~ At the time of blooming, 600 ppm. of chloride was 
added to the nutrient solution of some of the plants. Forty-eight 
hours later, fructose - C -14 was foliar fed to comparable plants 
treated and untreated with chloride. Autoradiographs showed that 
the addition of chloride reduced the amount of radioactivity in the 
roots. Thus, it seems apparent that the addition of chloride inter-
fered with the utilization of the radioactive fructose, and probably 
the main effect was on the translocation of the radioactive sugar. 
Figure 10 shows the effects of K+ and C l ~ treatments on the 
oxygen consumption of entire leaflets from potato plants. Again it is 
noted that within each K + treatment, C I " tended to increase oxygen 
consumption. The magnitude of this effect became less as the K+ 
concentration increased. The reduced respiration at 200 ppm. C l ~ 
seems most significant since, as shown in figure 8, the uptake of 
radioactive phosphorus was also depressed at this point; and as 
shown in table 8, dry weight of tubers can be associated with rates 
of respiration. High oxygen consumption is, therefore, correlated with 
low dry weight. 
Respiratory oxidation is linked or coupled with phosphate uptake 
and the phosphorylative mechanism. Phosphoglvceraldehyde takes 
up inorganic phosphate at a low energy level to become 1, 3-di-
phosphoglyceraldehyde. This is oxidized with a dehydrogenase to 
1, 3-diphosphoglyceric acid and the oxidation product phosphate, or 
carboxyl phosphate, is held at a high energy level. The carboxyl 
phosphate through a transphosphorylating enzyme is transferred to 
the final energy receptor adenosine diphosphate with the subsequent 
formation of adenosine triphosphate. 
As summarized by Corbett (12), results presented bv Kravitz and 
Guarino indicate that the amount of inorganic phosphorus in propor-
tion to the amount of organic or bound phosphorus may have an in-
fluence in the Embden-Meverhof cvcle. Inorganic phosphorus inhibit-
ed glucose-6-phosphate dehydrogenase, the enzvme that catahzes the 
first reaction of the hexo.se monophosphate shunt pathway. Inorganic 
phosphorus was also essential in the transformation from triose 
phosphate to pyruvate. This suggests that inorganic phosphorus may 
determine the pathway of glucose metabolism. Therefore, with a 
high chloride treatment, such as 600 ppm. chloride, an excess of in-
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Figure 10. Effect of potassium and chloride t reatments on oxvgen consump-
tion of entire leaflets of potato plants as determined bv Warburg 
manometry . 
organic phosphorus might shunt the carbohydrate metabolism into 
the triose phosphate to pyruvate pattern. This would result in a high 
carbon dioxide output and probably high oxygen consumption, low 
energy release, and cause a decrease in dry weight. 
Xieman (52) has reported that NaCl increased the respiration 
in l e a v e ; of twe lve r r n n nlantc Vint nnhi to p lan ts w e r e not inc luded . 
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He postulated a stimulation of enzymatic activity or a higher energy 
requirement bv cells and the necessity to maintain a higher content 
of organic phosphorus. 
From a practical consideration, it would seem apparent that the 
ratio of K ' and C l ~ in soils can influence the quality of potato 
tubers bv affecting respiration through effects on the uptake of 
phosphorus and subsequent indirect effects on esterification or phos-
phorylation and possibly bv affecting the translocation of certain 
metabolites. 
Radiochromatography: 
As previously reported (23) it has been indicated that added 
chloride in nutrient solution decreased the amount of hexose diphos-
phate (fructose - 1 - 6 - diphosphate) in potato tubers. Further re-
search has substantiated the previous results, since increasing C l ^ 
in the nutrient solution has consistently and progressively decreased 
the amount of radioactivity in aliquots of trichloroacetic acid ex-
tractions for phosphate esters. This has been also true for radio-
chromatograms when counts of radioactivity were made on spots 
indentified as fructose - 1 - 6 - diphosphate. Hence, it becomes more 
apparent that C l ~ may affect the esterification of inorganic phos-
phorus or respiration processes involved with sugar phosphates in 
potato plants. One can postulate that high C l ~ interferes with phos-
phorylation. A resulting high inorganic P n level could inhibit glu-
cose - 6 - phosphate dehydrogenase in the hexose monophosphate 
shunt pathway but allow glycolysis to proceed. Possibly the C l ~ 
level might be important in shunting the carbohydrate metabolism 
into the triose phosphate to pyruvate pattern by interacting with P31 
in the plant, since the high C I - treatment had less energy-rich sugar 
compound (fructose - 1 - 6 - diphosphate). The significance of fruc-
tose - 1 - 6 - diphosphate in glycolysis and the terminal phase of res-
piration is indicated in figure 11. It can also be visualized that 
fructose - 1 -6 - diphosphate can contribute to glucose in a possible 
reverse reaction and subsequently to starch through various inter-
mediates. 
From the review of literature and results presented, it would ap-
pear that C l ~ should be assigned a more definite function as an es-
sential element in plant nutrition, particularly in relation to carbo-
hydrate metabolism. 
Summary: 
Results thus far are indicative of the following general con-
clusions: 
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GLUCOSE 2 A T P 
' 2 A D P 
FRUCTOSE-1,6-Dl - PHOSPHATE 
DIHYDROXYACETONE * 
PHOSPHATE 
GLYCERALDEHYDE 
3-PHOSPHATE 
DPN 
DPNH 
'PI 
1,3-DI-PHOSPHOGLYCERIC ACID 
/ 2ADP 
*2ATP 
PYRUVATE 
Figure 11. Impor tance of fructose- l-(i-clipliosphatc in metabolism, 
1. Significant losses of radioactive materials (P : l-) mav occur 
from potato tubers during oven diving after thev have been 
frozen with drv ice at harvest. 
2. Potassium additions decreased the ratio of cations to anions 
as a result of reduced XO:; and C I - uptake and a cor-
responding increase in K+ uptake. 
3. Increasing the concentration of K + quantitatively reduced 
the uptake of C l ~ and to a lesser degree NO., 
4. A statistically significant and positive relationship was found 
between dry weights of leaflets and uptake of P•'-'. 
5. The uptake of P ' - was lowest in nutrient solutions which 
received 200 ppm. of C l ~ 
6. Increasing K *" within C l ~ treatments decreased the uptake 
of P:i-\ 
7. Additional K+ at all levels of CI tended to decrease the drv 
weights of leaflets. With tubers, all K+ treatments increased 
the drv weights of tubers at 200 ppm. of C I - ; whereas, 6 
millimoles of K+ gave the highest tuber weight at 0 and 400 
ppm. C l ~ . At 600 ppm. of C l ~ K ' decreased the drv weight 
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8. Chloride at 600 ppm. applied in early evening to plants grown 
in essentially CI - - f ree nutrient culture greatly increased 
oxygen uptake when measurements were made after approxi-
mately 16 hours on excised, intact leaflets. 
9. High levels of C l _ in nutrient solutions decreased the amount 
of radioactivity from P3- in trichloroacetic acid extracts and 
in radiochromatograms of fructose - 1 - 6 - diphosphate. 
10. A concentration of 200 ppm. C l ~ is seemingly a critical point 
in terms of dry weight, respiration, and nutrient uptake. For 
example P3- and N O . r uptake decreased, drv weight of tu-
bers increased with 3 and 6 millimoles K and oxygen con-
sumption on starved leaflets was less. These results would 
further seem to indicate that the kind and amount of sub-
strate in the leaflets and its translocation is being affected. 
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Appendix Table I. — AnaKsis of variance Summary Table, Temperature in Growth 
Chamber, 1961 and 1962. 
Source of Variation D.F. M.S. 
Total 
Interval (I) 
Thermometer (T) 
Crop (C) 
I x T 
C x T 
Error 
203 
16 89.21'"' 
5 2.95 
1 2316.95°° 
80 .26 
5 3.14 
96 21.44 
Denotes significance at \% probability level. 
Appendix Table II. — Analysis of Variance Summary Table on Salt Readings after 
one week of plant growth for Full Strength Solutions, Average of 
Three Readings — Early, Intermediate, and Late, First Crop, 1960. 
Source of Variatic i n D.F. 
38 
M.S. 
Total 
Treatment: 
K- n 104665.12°° 
c i - 3 40866.38°° 
i o + c i - 6 6276.72 
Residual 1 1135.75 
Early readings vs. 
vs. late 
Intermediate .-> 11422.59 
Error 24 4260.08 
' ° Denotes significance at \% probability level 
Appendix Table III. — AnaKsis of Variance Summary Table, pH Readings of Two 
Crops, Average of Early, Intermediate, and Late Readings for Each 
Crop, 1960-1961. 
Source of Variation D.F. M.S. 
Total 77 
Blocks 2 .81 
Treatment ( T ) : 
K + 2 1.38°° 
c i - 3 .68 
K^ x C l - 6 .26 
Residual 1 .05 
Crop (C) 1 .59 
T x C 12 .28 
Error 50 .26 
o e
 Denotes significance at 1% probability level. 
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Appendix Table IV. — AnaKsis of Variance S u m m a n Table , Flower Bud Ap-
pearance, 1961 and 1962. 
L.S.D. 
Source of Variati on D.F. M.S.1 .05 .01 
Total 77 
Blocks o 30.21 
Treatment (T) : 
K+ 2 137.61" See -
c i - 3 29.51 
K+ x C l - + 1 7 18.18 
Crop (C) 1 392.63 " 3.78 5.03 
T x C 12 75.46° 9.67 12.89 
Error 50 36.57 
1
 * p = .05, °° p = .01 
3 mmole K + vs. 6 mmole K + - p — .05, 3.27 
3 mmole K+ vs. 9 mmole K + , p .05, = 3.44 
Appendix Table Y . — A n a K s i s of Variance Summary Table , Plant Height of Two 
Crops, Measurements in Inches at Weekly Intervals, 1960-1961. 
Source of Variation D.F. 
623 
M.S. 
Total 
Treatment (T) : 
K+ o 956.34°° 
c i - .3 137.32°° 
K+ x C l - 6 9.89°° 
Residual 1 19.93°° 
Block 2 235.50°° 
Crop (C) 1 1435.23°" 
Date (D) 7 17488.01°° 
C x T 12 181.86°° 
T x D S4 14.10 
C x D 7 49.61 
T x C < D 84 11.78 
Error 414 35.40 
° ° Denotes significance at the 1% probabili ty level. 
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Appendix Table VI. — Anal\ sis of Variance Summary Table, Loss of Radioactive 
Materials from Tubers, Square Root Transformation Used, 1961. 
Source of Variation D.F. M.S. 
Total 
Blocks (Harvest Dates) 
Treatments: 
38 
o 138.19' 
K+ 
c i -
K+ \ C I - + 1 
0 
3 
7 
10.37 
40.01 
16.69 
Error 24 15.11 
°° Denotes significance at the Vi probability level. 
1
 Denotes significance at the 10*< probability level. 
Table VII.—Anahsis of Variance Summary Table, Uptake of P;i2 of Plants 
Grown from Seed Pieces and Transplants, Square Root Transforma-
tion Used, 1961. 
Source of Variation D.F. M.S. 
Total 389 
Blocks o 48155.72'"' 
Treatment ( T ) : 
K+ 2 7591.35°" 
c i - 3 102.15°° 
K+ x C I - + 1 7 2192.42°° 
Tubers vs. Roots vs. Stems vs 
Stalks vs. Leaflets (P) 4 1732.42°° 
Treated vs. Seed Pieces (9) 1 31424.08°° 
T .v Q 12 1200.54°° 
T -v P 48 774.83°° 
Q i P 4 4874.53°° 
T x Q x P 48 2076.25°* 
Error 258 208.38 
°° Denotes significance at 1% probability level. 
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Appendix Table VIII. — Analysis of Variance Summary Table, Uptake of P3 2 by 
Tops and Tubers at Three Harvest Dates, Square Root Transforma-
tion Used, 1961. 
Source of Variation D.F. 
77 
M.S. 
Total 
Blocks (Harvest Date) 
Treatment ( T ) : 
2 4363.59" 
K+ 2 108.781 
c i - 3 93.681 
K+ x C l ^ + 1 7 50.65 
Tops vs.; Tujaers (P) 1 372.13'"' 
T x P 12 12.09 
Error > , 50 41.65 
. * -T • i . -
°"' Donates significance at 1% probability level. 
1
 Denotes significance at 10% probability level. 
Appenaw lable 1A.— Analysis of Variance Summary Table for Effect of Potas-
sium and Chloride on Dry Weight of Potato Plants, 1961 and 1962. 
Source of Variation D.F. 
155 
M.S. 
Total '• 
Replication 2 299.07*"' 
Crop (C) 1 12.31 
Treatment (T) : 
,
 K + 2 101163 
-" C l - 3 24.34 
K+ x C I - + 1 7 21.17 
Tops vs. Bottoms (P) 1 20.45 
T A P 12 13.42 
T x C 12 39.78 
G A P 1 566.50"° 
C x T x P 12 40.63 
Error 102 47.05 
" Denotes significance at 1% probability level. 
